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Objectives. This retrospective analysis was designed to examine 
the intermediate and long-term effects of balloon angioplasty for 
native coarctation of the aorta and to determine whether any 
factors are predictive of outcome. 
Background. Balloon angioplasty for native coarctation of the 
aorta is controversial. Concerns exist over lack of long-term 
follow-up and possible formation of aneurysms. The role of 
transverse arch and isthmus hypoplasia fter balloon dilation is 
unknown. 
Methods. Included in the study were all patients 3 days to 29 
years old (mean age 4.6 years) referred for possible balloon 
dilation to the pediatric ardiac catheterization laboratory with 
evidence of a discrete coarctation of the aorta. The hemodynamic 
data, angiograms and clinical records of 102 patients were exam- 
ined, with follow-up data from 2 to 117 months (median 36.2) 
available in 92 patients. 
Results. Immediate success with balloon angioplasty was 
achieved in 93 (91.2%) of the 102 patients. Seventy-one patients 
(77.2%) with intermediate follow-up data (range 12 to 117 
months) available are asymptomatic and normotensive, with 
insignificant arm to leg blood pressure gradients (<20 ram Hg). 
Twenty-one patients (22.8%) with an initial successful result 
developed an increase in gradient 2 at 86 months after angio- 
plasty, requiring reintervention i 18. Follow-up >72 months is 
available in 17 patients, 16 of whom are normotensive and have 
not required additional intervention. No additional intervention 
was needed in 88.4% of older children and infants > 7 months old. 
Ten of the 13 surviving neonates who initially had a successful 
dilation required reangioplasty oroperation 14 days to 10 months 
(median 4.6 months) after angioplasty. Transverse arch hypopla- 
sia had minimal effect on follow-up blood pressure gradient, 
whereas isthmic hypoplasia was associated with reintervention i  
50%. A small aneurysm was noted in 2 (1.9%) of 102 patients. 
Conclusions. Balloon angioplasty of native aortic coarctation is
effective in infants and older children. In neonates, balloon 
angioplasty provides effective palliation only. Aneurysm formation 
is rare; however, lifetime follow-up is warranted. 
(J Am Coil Cardiol 1995;25:730-4) 
Balloon angioplasty has been used successfully in children for 
several congenital and postoperative defects, including pulmo- 
nary artery and systemic venous stenosis and recoarctation of 
the aorta (1). The role of balloon angioplasty in the manage- 
ment of native coarctation of the aorta remains controversial 
(2-7). Although immediate relief of the blood pressure gradi- 
ent has been excellent (8-15), concerns exist with regard to 
recoarctation, aneurysm formation and lack of long-term 
follow-up data (16-22). Additionally, questions about the 
etficacy of angioplasty in the presence of arch hypoplasia have 
been raised (5,9,17). To define intermediate and long-term 
results, as well as to determine any predictors of successful 
angioplasty outcome, we reviewed the hemodynamic data, 
angiograms and clinical outpatient records of 102 patients who 
underwent balloon dilation for native coarctation of the aorta. 
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Methods  
Demographics. The study group included 102 patients who 
underwent balloon dilation for native coarctation of the aorta 
at Texas Children's Hospital from November 1983 to August 
1992. There were 26 infants >6 months old, 16 of whom were 
neonates >29 days old; 13 infants were between 7 months and 
2 years old; 54 children were 2.5 to 10 years old; and 9 children 
and adolescents 11 to 29 years old. Patients were referred for 
cardiac atheterization a d possible balloon angioplasty on the 
recommendation f the attending pediatric ardiologist. Apart 
from bicuspid aortic valve, additional congenital heart defects 
were present in 48 patients and included ventricular septal 
defect in 12, patent ductus arteriosus in 11, aortic valve stenosis 
in 7, subaortic stenosis in 4 and atrial septal defect in 4. Five 
patients had Turner syndrome and three were of the Jehovah's 
Witness faith. Indications for dilation included angiographic 
evidence of significant discrete coarctation or a pressure 
gradient >20 mm Hg, or both, from ascending to descending 
aorta at cardiac catheterization. When a patent ductus arteri- 
osus or large collateral vessels were present, less emphasis was 
placed on pressure gradient and more on angiographic appear- 
ance. Patients with a long tubular coarctation segment were 
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Table 1. Patients Grouped According to Age, Immediate and Late Results of Angioplasty and Length of Follow-Up 
Immediate Results Late Results (n - 92) 
Age Median Median Time 
Group No. of Pts Good Fail Good Follow-Up (too) Fail to Failure (too) 
0-1 mo 16 14 (87.5%) 2 (12.5%) 3 (23%) 48 (26-74) 10 (77%) 5.1 (1-10) 
1-5 mo 10 10 (100%,) 0 (0%,) 7 (70%) 14 (11-65) 3 (30%) 8 (3-10) 
7-24 mo 13 11 (84.6%) 2 (15.4%) 9 (81.8%) 38.5 (2-91) 2 (18.2%) 50 (14-86) 
2.5-10 yr 54 51 (94.4%) 3 (5.6%) 45 (88.2%) 28 (2-117) 6 (11.8%) 32 (0.5-46) 
ll-29 yr 9 7 (77.8%) 2 (22.2%) 7 (100%) 36 (2-105.2) 0 (0%) 
Total 102 93 (91.2%) 9 (8.8%) 71 (77.2%) 36 (2-117) 21 (22.8%) 8 (1-86) 
Data presented are number (%) of patients (Pts), unless otherwise indicated. 
referred for surgical repair, without an attempt at balloon 
dilation. 
Angiographie t chniques. With a retrograde approach, an- 
giography was performed in the posterior/anterior and lateral 
projections. The distal transverse aortic arch and aortic isth- 
mus diameter were measured and indexed to the diameter of 
the descending aorta at the diaphragm to determine whether 
aortic arch or isthmic hypoplasia were prognostic factors for 
late failure. Most measurements were obtained from the 
lateral projection. After angioplasty, angiograms were ob- 
tained in the descending aorta in the posterior/anterior and 
lateral projections; fewer were in right and left anterior oblique 
projections. 
Balloon technique. A single balloon catheter was used in 
each procedure. Under local anesthesia with 2% lidocaine, the 
aorta was entered retrograde through the femoral artery in 100 
of 102 patients, prograde in 1 patient with complete transpo- 
sition of the great arteries and through the umbilical artery in 
1 neonate. Intravenous heparin (50 to 100 U/kg) was admin- 
istered. Serial activated clotting times were measured and 
maintained at 325 to 375 s (8). Initially, standard angioplasty 
balloons (Mansfield Inc. and Meditech Inc.) were used. Cur- 
rently, for balloon diameters up to 10 ram, Ultra Thin balloons 
(Meditech Inc.) are used and are introduced through a 6F 
sheath in the femoral artery; balloons >10 mm are introduced 
percutaneously without a sheath. The balloon size was selected 
such that the inflated balloon diameter was 0 to 2 mm greater 
than the aortic isthmus at the base of the left subclavian artery. 
The balloons were inflated to the recommended pressure 
limits of 3 to 12 atm. 
Follow-up. Length of follow-up for the 102 patients ranged 
from 0.25 to 117 months (median 35.4). Arm and leg blood 
pressure data were available from the clinical records of 92 of 
the 102 patients who were followed up at Texas Children's 
Hospital for >2 months (median 36.2, range 2 to 117). Nine 
infants and children were followed up by their referring doctor, 
and follow-up data >2 months is not available. One infant with 
a ventricular septal defect and congestive heart failure died of 
unrelated sepsis 2 weeks after angioplasty. Repeat cardiac 
catheterization was performed in 33 patients and magnetic 
resonance imaging (MRI) in 26; 11 patients underwent both 
repeat angiography and MRI studies. In 17 patients, the 
follow-up period was >72 months. Immediate failure of bal- 
loon angioplasty isdefined as a residual peak systolic gradient 
>20 mm Hg after dilation and late failure as an increase in the 
arm to leg blood pressure gradient to >20 mm Hg measured by 
cuff sphygmomanometry or atrepeat cardiac atheterization r 
when the decision was made to perform a repeat intervention, 
such as operation or catheter redilation. 
Statistics. The Student paired t test was used to compare 
preangioplasty and postangioplasty pressure gradients. A 
p value <0.05 was considered statistically significant. Long- 
term follow-up pressure data are expressed as mean value + 
SD, and length of follow-up is expressed as the median value 
and range in months. Pearson linear regression was used to 
compare the indexed transverse aortic arch and isthmus diam- 
eter with the residual gradient after angioplasty. Chi-square 
testing was used to evaluate the effect of the transverse arch 
and isthmus diameter on angioplasty results. Kaplan-Meier 
curves were constructed to display failure probability over the 
study period, and the log rank test was used to compare the 
time to failure between patients < 1 and > 1 month old. 
Resu l ts  
Immediate results. The average predilation peak systolic 
gradient was reduced from 42.5 _+ 17.3 to 10.3 __ 11.2 mm Hg 
(p < 0.001). Balloon dilation was considered successful when 
the region of coarctation was enlarged on repeat angiography 
and the coarctation pressure gradient was -<20 mm Hg. 
Ninety-three (91.2%) of the 102 patients met these criteria 
(Table 1). Nine patients (8.8%), 14 days to 17 years old, had an 
unsuccessful dilation with a residual gradient of 22 to 
65 mm Hg. Five of these patients have had surgical relief of the 
coarctation; three have had redilation; and one is awaiting a 
second balloon procedure. There was no correlation between 
the residual gradient and the balloon/aortic ratio (r = 0.10), 
the transverse arch/descending aorta ratio (r = 0.11) and the 
isthmus/descending aorta ratio (r = 0.13). 
Twenty-nine of 99 patients had a transverse arch or an 
aortic isthmus diameter -<70% of the descending aorta. After 
balloon angioplasty, 5 patients (17.2%) had a residual gradient 
>20 mm Hg, and 8 (33.3%) of the remaining 24 developed a 
late gradient in the follow-up period. Only 6 (8.6%) of the 70 
patients with a diameter >70% had a failed initial angioplasty, 
and 10 (15.6%) developed a late gradient (p = NS, chi-square 
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Figure l. Kaplan-Meier curves howing the probability oflate 
failure in patients <1 and >1 month old. Numerals =number 
of patients at that ime period. 
analysis). Isolated hypoplasia of the transverse arch was asso- 
ciated with an immediate failure in 1 (11%) of 9 patients, and 
3 (20%) of 15 patients with isolated isthmus hypoplasia had an 
immediate r sidual gradient >20 mm Hg. 
Intermediate follow-up. Of the 92 surviving patients who 
initially had a successful angioplasty, 71 (77.2%) have main- 
tained a gradient -<20 mm Hg for a follow-up period of 2 to 
117 months (median 36.2), and 17 have been followed up for 
>72 months (median 91.2) (Table 1). A total of 21 patients 
developed a recurrence of arm to leg blood pressure gradient 
->20 mm Hg, which was accompanied by diastolic runoff in the 
Doppler ecording in the descending aorta. This was detected 
from 2 weeks to 86 months (median 7.3) after angioplasty. 
Thirteen (56.5%) of 23 infants between the ages of 3 days 
and 5 months who underwent successful angioplasty developed 
an increased gradient between 3weeks and 10.3 months after 
angioplasty (median 5.1); 6 underwent operation; 6 had redi- 
lation; and 1 is awaiting treatment. Ten (77%) of the 13 
surviving neonates (3 to 29 days old) who initially had success- 
ful angioplasty required repeat angioplasty or operation 2 
weeks to 10 months later. The immediate and long-term results 
for the age groups 3 days to 5 months, 7 to 24 months, 2.5 to 
10 years and 11 to 29 years are shown in Table 1. 
Long-term follow-up. Seventeen patients, including two 
neonates, have been followed up for >72 months after balloon 
angioplasty for aortic coarctation. Length of follow-up was 73 
to 117 months (median 92.6). One patient has developed an 
increase in gradient from 20 to 23 mm Hg and has undergone 
repeat angioplasty. Follow-up systolic blood pressure gradient 
by cuff measurement i  he other 16 patients ranges from 0 to 
20 mm Hg (mean 7 -+ 7). The immediate gradient reduction i  
this group of patients was from a mean peak systolic gradient 
of 45 ___ 19 to 7 + 5 mm Hg. No significant difference xists 
between immediate and long-term gradients. The probability 
of failure after balloon angioplasty is depicted in the Kaplan- 
Meier curve (Fig. 1) for the 16 patients >1 month old and the 
86 older patients. The curves are significantly different at the 
p < 0.00001 level. 
Reintervention. An additional intervention was required in 
18 of the 93 patients who initially had a successful angioplasty. 
Ten have undergone operation, and eight have had another 
angioplasty, with reduction in gradient to -<20 mm Hg. Three 
additional patients have developed a gradient ->20 mm Hg and 
are awaiting further intervention. Operation or repeat balloon 
angioplasty was required more frequently when coarctation 
was associated with an additional cardiac defect. A second 
intervention was performed in only 2 of 36 patients with 
isolated coarctation. 
Complications. Complications occurred in 21 of the 102 
patients. Sixteen patients had delayed capillary refill and 
decreased istal pulses that responded to streptokinase or
heparin infusion. One patient, early in the experience, inwhom 
the angioplasty balloon was placed without a sheath, required 
surgical thrombectomy foran absent femoral artery pulse. Two 
neurologic omplications occurred. One patient had a tran- 
sient hemiparesis, and another had a persistent right-sided 
hemiparesis. Both patients received 50 U/kg of heparin, but 
these dilations were performed before the time that activated 
clotting times were monitored. Blood transfusion was required 
in one neonate. Two patients (1.98%) had small aneurysms of
the descending aorta immediately after balloon angioplasty 
(Fig. 2). These have not progressed uring the 3 to 91 months 
since angioplasty. Follow-up cardiac atheterization a d MRI 
studies have revealed no progression of the small aneurysm 
size. Late aneurysm development has not been observed in the 
33 patients who have had a second catheterization r the 26 
patients who have had an MRI study. 
Discuss ion 
Recoarctation after surgical repair is age dependent and 
most likely to occur in neonates (8). Despite surgical morbid- 
ity, repair by several surgical techniques has remained the 
treatment of choice in many centers. Reluctance to accept 
balloon angioplasty has been based on the fear of significant 
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Figure 2. Angiogram demonstrating an aneurysm of the descending 
aorta that was present immediately after angioplasty. 
aneurysm formation and the occurrence of residual or recur- 
rent coarctation (9). 
Longer term follow.up. Several investigators (8-15) have 
reported early and intermediate r sults after balloon angio- 
plasty of native coarctation. Follow-up time interval has ranged 
from 1 to 31 months. Our immediate success rate of 92% is in 
agreement with other investigations. If neonates and infants 
<5 months of age are excluded, 88% of patients who had a 
successful angioplasty maintained a gradient -<20 mm Hg over 
a mean period of 33.8 months of follow-up. We report here the 
longest follow-up period of 73 to 117 months (median 92.6) in 
16 patients who are well, without a second intervention. The 
fate of these 16 patients may not be representative of the 
long-term follow-up of all the patients tudied, and continued 
follow-up and monitoring is necessary. 
Neonatal coarctation. Neonates have fared less well in 
intermediate follow-up. Rao et al. (4) studied 20 patients < 1 
year old with a 31% incidence of recoarctation. Redington et 
al. (5) performed balloon dilation in 10 consecutive neonates 2 
to 23 days old. Despite immediate success, nine of these 
patients required a second intervention, and Redington et al. 
concluded that balloon dilation of native coarctation i neo- 
hates should not be supported. The results in this series are 
similar. A second intervention is likely and usually successful; 
balloon dilation should be considered only palliative in chil- 
dren < 1 month old. Ten of 11 patients with a patent ductus 
arteriosus developed recoarctation i  this study and required 
reintervention. These overall results compare favorably with 
surgically treated patients (19,21). The decision to use pallia- 
tive angioplasty in this age group should obviously be based on 
local surgical morbidity and mortality. 
Aortic anatomy. Our angiographic data suggest that trans- 
verse arch hypoplasia may have a minor role in predicting the 
immediate or late angioplasty gradient. The intermediate 
follow-up gradient seems unrelated to the diameter of the 
distal transverse arch at time of angioplasty. Initial angioplasty 
failures may become successes as a result of transverse arch 
growth and remodeling after balloon dilation. A combination 
of transverse arch and isthmic hypoplasia was associated with 
twice as many immediate gradients >20 mm Hg (17.2%) 
compared with those without hypoplasia (8.6%) and a greater 
incidence of late gradients (33.3% vs. 15.6%) in the group with 
hypoplasia. Although these differences failed to reach statisti- 
cal significance because of the small numbers involved, we 
believe that these differences in results are clinically significant 
when deciding whether apatient with a hypoplastic transverse 
arch or a hypoplastic isthmus should undergo dilation. Rao 
(14) published similar results when multivariate analysis re- 
vealed isthmus ize to be an important predictor of angioplasty 
failure. However, if isthmus hypoplasia is not severe, angio- 
plasty should still be considered. Minich et al. (18) reported 
safe and effective surgical repair after unsuccessful balloon 
angioplasty. The presence of a patent ductus isthmic hypopla- 
sia and neonatal age are associated with angioplasty failure. 
Complications. Two serious complications of angioplasty 
that have been reported are femoral artery occlusion and 
cerebrovascular ccidents (6,17). The arterial pulse was im- 
proved by fibrinolytic therapy in 10 of 11 patients with de- 
creased distal perfusion. We believe that judicious use of 
lidocaine, heparinization and arterial sheaths limits vascular 
spasm, wall damage and the possibility of thrombosis. Long- 
term follow-up imaging of femoral vessels is needed. The two 
neurologic events in this series occurred early in our experi- 
ence when anticoagulation control may have been inadequate. 
Little is known about the long-term history of aortic 
aneurysm, which has been reported to result from "cystic 
medial necrosis" (7). Both immediate and late aneurysms have 
been reported (16). The reported incidence of aneurysms of 
the aorta at the angioplasty site are extremely variable. Rao et 
al. (4) report 0% in 30 patients, whereas others (16) have 
reported an incidence as high as 55%. In part, this discrepancy 
can be explained by the absence of a consistent definition of 
aneurysm. In the present study, an aneurysm was defined as an 
out-pouching of the aorta, not present before angioplasty, 
which increased the nominal diameter of the aorta by >20%. 
Our incidence of immediate aneurysm formation is low 
(1.9%), with no intermediate or late development of aneurysm 
and no progression of the two small aneurysms observed 
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immediately after angioplasty. Rigorous comparison with pre- 
angioplasty aortic angiograms must be made because many of 
these aortas have unusual contours before balloon dilation. 
Conclusions. Balloon angioplasty for treatment of native 
coarctation of the aorta is safe and effective in most infants, 
children and adolescents, with sustained benefit on long-term 
follow-up in infants and children >5 months old. Neonatal 
balloon angioplasty is effective in treating congestive heart 
failure due to isolated coarctation but provides only temporary 
relief, and many patients will require additional treatment. 
Transverse arch hypoplasia has little effect on long-term 
gradient relief. However, isthmic hypoplasia was associated 
with a 50% rate of reintervention. Aneurysm formation was an 
unusual complication that may manifest early at postdilation 
angiographys; however, weakening of the vessel wall may be 
present without obvious aneurysms. Balloon angioplasty may 
be considered as the first-line therapy in most children with 
coarctation of the aorta. Lifetime follow-up for possible late 
aneurysms i recommended. 
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